We have investigated the microwave spectrum of the bimolecule trifluoroacetic acid • • • cyclopropanecarboxylic acid in the region 1 to 4 GHz, where the low J transitions of this heavy complex appear. The measured n a -R branch transition frequencies were fitted to determine the rotational constants and three centrifugal distortion constants. With the assumption that the structures of the subunits remain unchanged upon complexation, the O • • O distances of the hydrogen bridge bonds are determined as 2.62 A.
Introduction
The first observation of the bimolecules formed by trifluoroacetic acid and formic, acetic and fluoroacetic acid by microwave (MW) spectroscopy was reported by Costain and Srivastava [1] . Later Bellott and Wilson [2] used the broad band scans of a HewlettPackard MW spectrometer to observe "band" spectra of a large number of bimolecules.
The present investigation deals with a high resolution MW spectrum of one of their examples: trifluoroacetic acid • • • cyclopropanecarboxylic acid, for which they reported a value of B + C, the sum of rotational constants, obtainable from a /i a -type band spectrum.
It was shown by Martinache et al. [3] that molecular beam Fourier transform microwave (MB-FTMW) spectroscopy allows to record highly resolved rotational spectra of bimolecules. The advantage of the beam method is that due to the strong cooling in the supersonic expansion only rotational spectra in the ground vibrational state appear.
Experimental
As the bimolecules are units with large moments of inertia, the rotational spectra with low rotational quantum numbers are in a MW region typically not accessible with existing MB-FTMW spectrometers [4, 5] based Reprint requests to Prof. D.-H. Sutter. on a Fabry-Perot cavity. Our recently constructed [6] MB-FTMW spectrometer with a TE 01 (H 01 ) cavity, however, covers the region from 1 to 4 GHz and is ideally suited for such an investigation.
The monomers, trifluoroacetic acid, CF 3 COOH, and cyclopropanecarboxylic acid, C 3 H 5 COOH, were purchased from Merck, Darmstadt, and Aldrich, Steinheim. They were used without further purification. Helium was used as carrier gas with a content of 1 to 2% CF3COOH. The low vapour pressure of C 3 H 5 COOH did not allow to prepare a mixture of both substances in helium. Therefore, C 3 H 5 COOH was kept upstream the nozzle in a stainless steel vessel providing by its construction a good contact of helium and CF 3 COOH with C 3 H 5 COOH. Even better signal to noise ratios were obtained with a mixture of both compounds in the vessel and pure helium as carrier gas.
By observation of the transition J', K a \ K c '-J", K a ", K c " = 2, 1, 1-2, 1, 2 at the frequency 1270.7762 MHz of CF 3 COOH we proved that the substance is in the beam. The hitherto not measured frequency was calculated from the rotational constants reported by Stolwijk and van Eijck [7] . Unfortunately, for C 3 H 5 COOH we could not observe the line 3, 1, 2-2, 2, 1 at the frequency 1122.608 MHz. Here the frequency was calculated with data published by Marstokk et al. [8] , But with the help of a MB-FTMW spectrometer [9] in a higher frequency region, we observed the up to now not reported transitions of C 3 H 5 COOH given in Table 1 . So we are convinced that the substance is contained in the beam. As Bellott and Wilson [2] derived a B + C = 539.6(20) MHz, we scanned in ranges of 6 to 27 MHz around the frequencies (J-t-1) (ß + C), J = 1,...,6, to locate the K a = 0R-branch transitions. Typically 512 cycles per frequency point and a step width of 250 kHz were used for this search. Taking high resolution spectra with 8 k data points in the time domain at a sample interval of 10 ns and 1 to 16 k averaging cycles, we were able to measure nearly all p fl -type lines from J = 2-1 to J = 7-6 in the region 1 to 4 GHz with sufficient signal to noise ratio. They are listed in Table 2 . Figure 1 gives an example.
The backing pressure was kept at 1.2 to 2 bar, with lower pressures the lines disappeared.
Spectrum Analysis
The spectrum was analysed with a centrifugally distorted asymmetric top Hamiltonian using Watson's /1-reduction [10] in I r representation. Typke's program ZFAP4 [11] was used in this context. The rotational and centrifugal distortion constants are given in Table 3 .
As only /^-transitions could be observed for this near prolate top, the A rotational constant was determined with a larger uncertainty.
The centrifugal distortion constants of the A-reduction are less by an order of magnitude as compared to the corresponding values for CF 3 Table 2 and 4 of [3] . The highest correlation coefficients are |(ß, <5j)| = | (C, <5j)| =0.89.
With the rotational constants of Table 3 , we predicted the p b -spectrum. Due to the presumably very low p b dipole moment, we were not able to find the 1, 1,1 -0, 0, 0 and 3,1, 3-2, 0, 2 lines, even though we scanned with 4096 averaging cycles and higher polarization power.
Partial restructure
The experimental rotational constants were used to calculate a partial restructure [12] for the bimolecule. With only three experimental values available at present, at most three structural parameters could be determined. Correlation reduced this number to two. They were chosen as the C^Cg distance and the Cj-Cg-C^ angle (compare Figure 2) . Typkes program MWSTR1 [11] was used for the corresponding least squares fitting procedure.
As input data we have used the structures for the monomers as proposed in Table 1 of [7] for CF 3 COOH, and Table 8 column 1 of [8] for C 3 H 5 COOH unchanged. Furthermore, a coplanar configuration was assumed for the two carboxylic groups, and equality of the O • • • O distances in the two hydrogen bridges was imposed as an additional constraint. The result is shown in Fig. 2 and Table 4 . The numbers of given digits do not indicate the accuracy of the structure determination. They are necessary to reproduce the moments of inertia. [7, 8] . A marked deviation from the 'normal' relaxation behaviour described by (2) may be indicative of specific effects. This is particularly the case if the relaxation time T does not even change in a parallel manner Reprint requests to Prof. M. Stockhausen; Fax: (02 51)8 32 3441.
with the viscosity r]. Examples of quasi-rigid, aprotic molecules which show such an extreme anomaly are sparse. Till now, it has been found for dilution series of N-cyanopiperidine and N-cyanopyrrolidine with the nonpolar, 'inert' component tetrachloromethane, where z passes through a maximum though t] changes monotonously [8] . The purpose of the present communication is to describe another system exhibiting a similar peculiarity, a hint at which could be gathered from previous work [9] , namely tetrachloromethane (CCl 4 )-dimethylsulfoxide (DMSO) mixtures.
Experimental
We have studied the dynamic dielectric properties of the CCl 4 -DMSO system by measuring the frequency dependence of the complex permittivity, in particular of its imaginary part e"(co), at 20 °C. For moderately concentrated mixtures and the pure liquid DMSO (DMSO mole fraction xs0.3 to 1), the instrumentation available for high loss liquids (frequencies between some ten MHz and 72 GHz) facilitated measurements over the whole relaxation spectrum. The e"(co) data could satisfactorily be described by a single Debye function, the fitting parameters being the relaxation time T and relaxation strength S. For the dilute solution range (x% 0.003 to 0.05), on the other hand, the available apparatus had too low a frequency limit (below 10 to 12 GHz, depending on sample absorption) to define the e"(a>) maximum. In that case a Debye function was fitted to the lower frequency data, assuming that the relaxation strength equals the separately measured static-optical permittivity difference.
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The viscosity was determined for the whole composition range with capillary viscometers, and the density with pycnometers or a Möhr balance or a Paar vibrating tube densimeter.
Results
To illustrate the peculiar relaxation behaviour of the system, Fig. 1 shows x vs . r] together with two lines according to (2) . In the higher concentration (higher viscosity) range x and }] vary in opposite sense, which is quite unusual. This leads to a positive'T excess' in the medium concentration range. As in the above mentioned examples [8] , that behaviour of DMSO is observed only with CC1 4 , not with other nonpolar mixture components studied so far. Figure 2 shows some further quantities for comparison which all do not exhibit extraordinary features. The apparent moment p app was calculated from the static-optical data (viz. putting e K = n 2 ) by use of the Onsager relation (or the corresponding Guggenheim relation in case of very diluted systems). As customary, the excess viscosity is defined by 
Concerning F E , similar (negative) values have been reported also for 25 °C [10] .
Discussion
Since (2) describes merely a correlation, the effective radii appearing in that equation are to be understood as rough estimates. Nonetheless it seems significant that the relaxation time of pure DMSO is somewhat longer than to be expected from its radius, which from space filling molecular models is estimated to be r eff %0.33 nm. This is perhaps because some dipoledipole interaction is operative which delays the molecular tumbling motion but does not lead to the formation of long-lived 'complexes'. In the dilute solution limit, on the other hand, x is consistent with the model value of r eff . It should be stressed in this context that for the two comparable examples mentioned above, that is N-cyanopiperidine and N-cyanopyrrolidine in CC1 4 [8] , the effective radii deduced from the relaxation time are in accord with molecular dimensions in both the pure liquid and the dilute solution limit. Thus the effects causing the relaxation time of pure DMSO to appear longer than expected cannot be essential for the anomalous relaxation behaviour in mixtures with CC1 4 . They may therefore remain disregarded here.
Keeping the comparable examples in mind, it seems permissible to start from the assumption that the relaxation times in the pure liquid and in the dilute solution limit are explicable. One has then to discuss only the peculiar z excess in the medium mixture range, viz. a feature with the general character of a positive r deviation which vanishes for the limiting mixture compositions.
It may be seen from the effective radii given in Fig. 1 that the maximum of z is not high enough to be ascribed to the tumbling motion of any kind of longlived (molecule-like) associated species, neither self nor hetero-associated DMSO species. The nearly constant apparent moments (Fig. 2 ) point in the same direction. Thus one has to invoke CCl 4 -DMSO interactions of dynamic character, perhaps leading to some kind of transient 'associates'. The positive sign of A7 F and the negative sign of V E (Fig. 2) as well as the isentropic compressibility (from ultrasonics [11] ) are indicative of additional attracting interactions in the medium mixture range, too.
The remainder of this discussion section will deal with some qualitative considerations concerning the minimum number of molecules involved in, and the nature of, those interactions.
Some simple assumptions may be made to describe the T excess as originating from CCl 4 -DMSO interactions. We assume that CC1 4 = A and DMSO = B form a relaxing moiety A a B fc = C. Since it was already concluded above that C is unlikely to be a long-lived 'complex', its relaxation may be governed by internal motions, that means motions of its polar B constituents, and/or by the lifetime of B molecules in the transient 'associates'. The experimental findings sugtest that the respective relaxation time should be longer than the time expected for single B type molecules according to (2) , lengthened, however, not too much, so that the superposition of Debye type functions attributable to the single molecules and to the relaxing moieties results in a function of practically Debye type again. Then the observed relaxation time T will be a weighted average of the times characterizing the single molecule tumbling motion and the relaxation of the assumed moieties. The z excess as compared to the 'normally' expected value will be an indicator of the fraction ^ of B type molecules which are involved in the C type moieties; there may be even a proportionality between both. The quantity £ as a function of the mixture composition (DMSO mole fraction x) shall briefly be regarded.
Having presupposed the equilibrium aA + bB^±C; C = A a B,,
the concentration c c of relaxing moieties C can be calculated according to the law of mass action, 
are met. Consequently, the presumed C moieties must be pictured by at least one CC1 4 plus two DMSO molecules interacting with each other. Concerning the nature of interactions, it may be noticed that in the anomalous cases observed so far one mixture component has a strong dipole moment (as DMSO), which leads to the expectation of electrostatic effects. With regard to the z excess, however, direct dipole-dipole interactions have already been ruled out. Dipole induced dipole interactions are conceivable, but since (i) tetrachloromethane is comparable in its mean polarizability (as obtained from the molar refraction in the liquid state) to many other organic molecules while the anomaly is observed only with CC1 4 , and since (ii) other highly polar molecules behave 'normal' in CC1 4 , this assumption is unlikely to be tenable. It appears that the anomaly should be put down to more specific, 'chemical' rather than general, 'physical' properties. Donor-acceptor interactions may play a role; DMSO is known to act as a strong electron pair donor (donor number for DMSO: 29.8, for CC1 4 : 0).
In summary, dielectric spectroscopy seems to be a suitable tool to reveal specific interactions as in the present and related examples. However, in consideration of the fact that only few dielectrically anomalous systems have been found hitherto, there remains uncertainty as to the origin of the peculiar relaxation behaviour.
